CHIP TYPE SOLID ELECTROLYTIC CAPACITOR 
HAVING A SMALL SIZE AND A SIMPLE STRUCTURE 

5 

This application claims priority to prior Japanese application JP 2003- 
16177, the disclosure of which is incorporated herein by reference. 

10 Background of the Invention: 

The present invention relates to a chip type solid electrolytic capacitor 
and to a method of manufacturing the same. 

An example of a chip type solid electrolytic capacitor comprises a 
capacitor element, a packaging resin covering the capacitor element, and anode 

15 and cathode terminal which are electrically connected to the capacitor element 
and coupled to the packaging resin. The packaging resin has a mount surface 
and a side surface adjacent to the mount surface. A chip type solid electrolytic 
capacitor of the type is disclosed in Japanese Unexamined Patent Application 
Publication No. 291079/1993 and will be described in detail in conjunction with 

20 the drawing. 

In case where such a chip type solid electrolytic capacitor is tried to be 
reduced in size and in height, a volume ratio of the anode and the cathode 
terminals relative to the chip type solid electrolytic capacitor is increased. 
When the volume ratio of the anode and the cathode terminals is increased, the 

25 ratio of the volume of a portion of the capacitor element which contributes to 
capacitance with respect to the total volume of the capacitor, i.e., the volume 
efficiency is reduced. For example, when the thickness (height) of the 
capacitor (the package resin) is 0.8 mm, the volume efficiency of capacitor 



element may be as small as 20% or less. 
Summary of the I nven tion : 

It is therefore an object of the present invention to provide a chip type 
solid electrolytic capacitor having a small size and a simple structure and high in 
5 volume efficiency of a portion of the capacitor element which contributes to 
capacitance with respect to the total volume of the capacitor. 

It is another object of the present invention to provide a method capable 
of easily manufacturing such a chip type solid electrolytic capacitor. 

According to an aspect of the present invention, there is provided a chip 

10 type solid electrolytic capacitor comprising a capacitor element, a packaging 
resin covering the capacitor element and having a mount surface and a side 
surface adjacent to the mount surface, and a terminal electrically connected to 
the capacitor element and coupled to the packaging resin, the terminal 
extending along the mount surface and the side surface to have an outer 

15 surface exposed from the packaging resin and to have an inner surface 
opposite to the outer terminal surface, the inner surface having a stepwise 
shape formed by forging. 

According to another aspect of the present invention, there is provided 
a chip type solid electrolytic capacitor comprising a capacitor element having an 

20 anode lead and a cathode layer, a packaging resin covering the capacitor 

element and having a mount surface and side surfaces adjacent to the mount 
surface and opposite to each other, an anode terminal electrically connected to 
the anode lead and coupled to the packaging resin, and a cathode terminal 
electrically connected to the cathode layer and coupled to the packaging resin, 

25 each of the anode terminal and the cathode terminal extending along the mount 
surface and each of the side surfaces to have an outer surface exposed from 
the packaging resin and to have an inner surface opposite to the outer surface, 
the inner surface having a stepwise shape formed by forging. 



According to still another aspect of the present invention, there is 
provided a method of manufacturing a chip type solid electrolytic capacitor 
comprising a capacitor element having an anode lead and a cathode layer, a 
packaging resin covering the capacitor element and having a mount surface 
5 and side surfaces adjacent to the mount surface and opposite to each other, an 
anode terminal electrically connected to the anode lead and coupled to the 
packaging resin, and a cathode terminal electrically connected to the cathode 
layer and coupled to the packaging resin, the method comprising preparing a 
lead frame having an anode terminal-forming portion and a cathode terminal- 

10 forming portion, forging to form a stepwise shape in a part of the anode 
terminal-forming portion, connecting the anode lead to the anode terminal- 
forming portion, connecting the cathode layer to the cathode terminal-forming 
portion, covering the capacitor element with a packaging resin except a part of 
the anode terminal-forming portion and a part of the cathode terminal-forming 

15 portion, and cutting out the chip type solid electrolytic capacitor from the lead 
frame. 

Other objects, features, and advantages of the present invention will 
become apparent from reading the following detailed description of this 
specification. 
20 Brief Description of the Drawings: 

Fig. 1 is a cross sectional view showing an example of the existing chip 
type solid electrolytic capacitor; 

Fig. 2 is a cross sectional view showing a chip type solid electrolytic 
capacitor according to a preferred embodiment of the present invention; 
25 Fig. 3 is an interior perspective view showing the chip type solid 

electrolytic capacitor illustrated in Fig. 2; 

Fig. 4 is a perspective view showing the chip type solid electrolytic 
capacitor illustrated in Fig. 2; 
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Figs. 5A through 5D are views for describing a method of manufacturing 
the chip type solid electrolytic capacitor according to this invention; 

Figs. 6A and 6B are perspective views for describing the step following 
the step in Figs. 5A through 5D, according to different embodiments, 
5 respectively; 

Fig. 7 is a perspective view for describing the step following the step in 

Fig. 6A; 

Fig. 8A is a side view of an anode terminal-forming portion illustrated in 
Fig. 7 and corresponding to Fig. 6A; 
10 Fig. 8B is a side view similar to Fig. 8A but corresponding to Fig. 6B; 

Figs. 9A and 98 are views for describing the step following the step 
illustrated in Fig. 7; and 

Figs. 10A to 10D are views showing chip type solid electrolytic capacitor 
according to various embodiments of this invention. 
15 Description of the Preferred Embodiments: 

In order to facilitate an understanding of the present invention, 
description will at first be made about the existing chip type solid electrolytic 
capacitor mentioned above. 

Referring to Fig. 1, the existing chip type solid electrolytic capacitor 
20 comprises a capacitor element 101 using a valve metal, an anode terminal 104, 
a cathode terminal 105, and a packaging resin 103. 

The capacitor element 101 has first and second element end surfaces 
101a and 101b formed at one end and the other end in an axial direction and an 
element peripheral surface 101c formed between the first and the second 
25 element end surfaces 101a and 101b and is provided with an anode lead 102a 
led out from the first element end surface 101a and a cathode surface (cathode 
layer) 102b formed on the element peripheral surface 101c and the second 
element end surface 101b. 
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The chip type solid electrolytic capacitor is manufactured as follows. A 
cathode terminal 105 of a terminal frame 107 is connected to the cathode 
surface 102b of the capacitor element 101 preliminarily prepared by an 
electrical conductive adhesive. A contact region where the anode lead 102a of 
5 the capacitor element 101 and the anode terminal 104 of the terminal frame 107 
are contacted with each other is welded. The capacitor element 101 and the 
terminal frame 107 are covered with resin by molding so that a part of the 
anode terminal frame 107 is exposed. The terminal frame 107 is bent along an 
outer surface of the packaging resin 104. Thus, the capacitor is manufactured. 

10 The existing chip type solid electrolytic capacitor mentioned above has 

such disadvantage mentioned in the background of the present specification. 

Now, a chip type solid electrolytic capacitor according to the present 
invention will be described with reference to the drawings. 

Referring to Figs. 2 to 4, a chip type solid electrolytic capacitor 

15 according to an embodiment of the present invention is adapted to be mounted 
on an electronic device or electronic equipment. In the manner which will later 
be described in detail, the chip type solid electrolytic capacitor comprises a 
capacitor element 11 using a valve metal, an anode terminal 14, a cathode 
terminal 17, and a packaging resin 13. 

20 The capacitor element 11 has first and second element end surfaces 

11a and lib formed at one end and the other end in an axial direction and an 
element peripheral surface 11c formed between the first and the second 
element end surfaces 11a and 11b and is provided with an anode lead 12a led 
out from the first element end surface 11a and a cathode surface (cathode 

25 layer) 12b formed on the element peripheral surface 11c and the second 
element end surface lib. 

The anode terminal 14 is connected to the anode lead 12a of the 
capacitor element. The cathode terminal 17 is connected to the cathode 
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surface 12 of the capacitor element. 

The packaging resin 13 covers the capacitor element 11 with a part of 
the anode terminal 14 and a part of the cathode terminal 17 exposed. These 
parts are adjacent to each other. Further, the packaging resin 13 is provided 
5 with first and second package end (side) surfaces 19a and 19b and a package 
peripheral surface formed between the first and the second package end 
surface 19a and 19b. The package peripheral surface includes a mount 
surface 1 8 for mounting the capacitor to a mounting surface of an electric board 
(not shown). 

10 Furthermore, the anode terminal 14 has a stepwise shape by forging 

(cold forging or hot forging), press-working, or sinking. The stepwise shape is 

constituted by a second anode terminal step 14b with a part thereof exposed 

from the mount surface 18 and a first anode terminal step 14a with a part 

thereof exposed from the first package end surface 19a. 
15 The second anode terminal step 14b supports the cathode surface 12b 

of the capacitor element 11 in the packaging resin 13 with the cathode surface 

12b electrically isolated from the anode terminal 14. 

The first anode terminal step 14a has a thickness larger than that of the 

second anode terminal step 14b and supports the cathode surface 12b of the 
20 capacitor element 11 in the packaging resin 13 with the cathode surface 

electrically connected to the anode terminal 14. 

The cathode terminal 17 is exposed from a part of the mount surface 18 

and a part of the second package end surface 19b. These parts are adjacent 

to each other. 

25 The cathode terminal 17 has a stepwise shape. The stepwise shape is 

constructed by a second cathode terminal step 17b with a part thereof exposed 
from the mount surface 18 and a first cathode terminal step 17a with a part 
thereof exposed from the second package end surface 19b. 
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The second cathode terminal step 17b supports the cathode surface 
12b of the capacitor element 11 in the packaging resin 13 with the cathode 
surface 12b electrically connected to the cathode terminal 17. 

The first cathode terminal step 17a has a thickness larger than that of 
5 the second cathode terminal step 17b and is provided with a wall surface 
portion 17c electrically connected to the cathode surface 12b. 

In the chip type solid electrolytic capacitor, the second anode terminal 
step 14b and the second cathode terminal step 17b are small in thickness and 
are therefore arranged under the capacitor element 11 . Therefore, the second 
10 anode terminal step 14b and the second cathode terminal step 17b can be 
mounted on the electric board in a space-saving manner. 

Furthermore, an anode side region of the capacitor element 11 are fixed 
and supported not only by the anode lead 12a supported and fixed by the first 
anode terminal step 14a of the anode terminal 14 but also by the anode side 
15 region of the cathode surface 12b supported by the second anode terminal step 
14b. Therefore, as compared with the existing capacitor in which the anode 
side region of the capacitor element Is supported by the anode lead alone, the 
chip type solid electrolytic capacitor is excellent in strength. Particularty, 
because a fillet is formed between the second anode terminal step 14b and the 
20 anode side region, the capacitor element 11 is fixed and supported with high 
strength. 

This structure will hereinafter be described in detail. Referring to Fig. 2, 
the mount surface 18 and a mount surface on the second anode terminal step 
14b in the cathode surface 12b are spaced at a distance t1 from each other. 
25 The mount surface 18 and a peripheral surface of the anode lead 12a are 

spaced at a minimum distance t2 from each other. The second anode terminal 
step 14b of the anode terminal 14 has a thickness smaller than the distance t1. 
The first anode terminal step 14a of the anode terminal 14 has a thickness 



greater than the distance t2. Further, a step difference d is larger than a 
difference (t2 - 11). The difference (t2 - 11) is a minimum distance between the 
mount surface on the second anode terminal step 14b of the anode terminal 14 
in the cathode surface 12b and the peripheral surface of the anode lead 12a. 
5 Now, a method of manufacturing the chip type solid electrolytic 

capacitor according to the embodiment of the present invention will be 
described. 

First, the capacitor element 11 is manufactured. 
In this invention, the method generally comprises the steps of 
10 connecting the anode lead 12a to an anode terminal-forming portion of a lead 
frame for forming the anode terminal 14, connecting the cathode surface 12b of 
the capacitor element 11 to a cathode terminal-forming portion of the lead frame 
for forming the cathode terminal 17, covering the capacitor element 11 except a 
part of the anode terminal-forming portion and a part of the cathode terminal- 
15 forming portion with the packaging resin 13, and cutting out a chip serving as 
the chip type solid electrolytic capacitor from the lead frame. 

The anode terminal connecting step includes a step of thinning a part of 
the anode terminal-forming portion and forming the anode terminal into a 
stepwise shape by forging. 
20 Also, the cathode terminal connecting step includes a step of thinning a 

part of the cathode terminal-forming portion and forming the cathode terminal 
into a stepwise shape, by forging. 

As shown in Fig. 5A, an electrical-insulation resin film 41 and an Ag 
(silver) plating film 42 as an electrical-conductive film are applied to the lead 
25 frame 40. The anode terminal-forming portion 43 and the cathode terminal- 
forming portion 44 are formed as shown in Figs. 5B and 5C by stamping. 

A part of the anode terminal-forming portion 43 and a part of the 
cathode terminal-forming portion 44 are thinned or reduced in thickness to 
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approximate 1/4 as shown in Fig. 5D so that the anode terminal-forming portion 
43 and the cathode terminal-forming portion 44 are respectively formed into a 
stepwise shape by forging. 

Preferably, electrical-insulation resin for producing the electrical- 
5 insulation resin film 41 is excellent in malleability so as to withstand the forging. 
However, the electrical-insulation resin may be applied to the anode terminal- 
forming portion 43 after the forging. 

Furthermore, the electrical-conductive film applied to the cathode 
terminal-forming portion 44 is limited to the Ag plating film 42. For example, an 
10 Ag film formed by another general film-forming process except plating can be 
used. Further, a film made from one of Ag, Au (gold), Cu (copper), and Pd 
(palladium) can be adopted instead of the Ag film. Still Further, a film made of 
an alloy including at least one of Ag, Au, Cu, and Pd can be adopted. 

Hereinbelow, the step of connecting the anode lead 12a to the anode 
15 terminal-forming portion 43 of the lead frame 40 will be described. 

As shown in Fig. 6A, two protruding portions 51 are formed on the 
anode terminal-forming portion 43. However, only one protruding portion 51 
may be formed on the anode terminal-forming portion 43 as shown in Fig. 6B. 
In either structure, the protruding portion 51 and an adjacent region become a 
20 laser welding part to the anode lead 12a. 

Next, referring to Figs. 7 and 8A, the anode lead 12a of the capacitor 
element 11 is arranged between the protruding portions 51 of the anode 
terminal-forming portion 43. A laser beam is irradiated to an area over the 
protruding portions 51 and the anode lead 12a. The protruding portions 51 are 
25 melted by laser Irradiation, surround the anode lead 12a, and are solidified. 
Thus, a rigid welded portion is formed. 

Referring to Fig. 8B, in case of one protruding portion 51, the anode 
lead 12a of the capacitor element 11 is arranged adjacent the side surtace of 
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the protruding portion 51 of the anode terminal-forming portion 43. A laser 
beam is irradiated to an area over the protruding portion 51 and the anode lead 
12a. The protruding portion 51 is melted by laser irradiation, surrounds the 
anode lead 12a, and is solidified. Thus, a rigid welded portion is formed. 
5 In a case where the anode lead is welded to the anode terminal-forming 

portion of the lead frame by resistance welding, a flat surface or a V-groove 
portion is formed on the anode terminal-forming portion. The anode lead is 
brought into contact with the flat surface or the V-groove portion. Then, the 
anode lead is welded to the anode terminal-forming portion by the resistance 
10 welding. 

Hereinafter, the steps of covering the capacitor element 11 except a 
part of the anode terminal-forming portion 43 and a part of the cathode terminal- 
forming portion 44 with the packaging resin 13 and cutting out the chip serving 
as the chip type solid electrolytic capacitor from the lead frame 40 will be 
15 described. 

As shown in Figs. 9Aand 9B, the capacitor element 11 and the anode 
terminal-forming portion 43 and the cathode terminal-forming portion 44 of the 
lead frame are covered with the packaging resin 13 so that a part of the anode 
terminal-forming portion 43 and a part of the cathode terminal-forming portion 

20 44 are exposed from the packaging resin 13. Next, the packaging resin 13 is 
cut along two cutting surfaces 81 as shown in Fig. OA and thus the chip as the 
chip type solid electrolytic capacitor is provided. However, the packaging resin 
13 can be cut along four cutting surfaces 81 as shown in Fig. 9B. When the 
packaging resin 13 is cut along four surfaces, the volume efficiency of the chip 

25 is higher than that of the chip cut along two cutting surfaces. 

Hereinafter, description will be made of means for improving the 
coupling strength between the anode and the cathode terminals and the 
packaging resin in order to prevent the packaging resin from exfoliating from the 
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anode and the cathode terminals because of thermal or mechanical stress 
generated inside or outside of the chip. 

As shown in Figs. 10Ato 10D, an exposed surface of the anode 
terminal 14 exposed from the first package end surface of the packaging resin 
5 13, that is, a cross sectional surface of the anode terminal 14 perpendicular to 
the axial direction mentioned above, is has a generally rectangular shape. 

Fig. 1 0A shows an example where the exposed surface of the anode 
terminal 14 has a rectangular shape with wedge-shaped concave portions 142 
formed at left and right sides (edges) thereof. More particularly, the exposed 
10 surface is defined between two edges 141 substantially perpendicular to the 
mount surface 18 and the concave portions 142 are notches recessed from the 
edges, respectively. 

Fig. 10B shows another example where the exposed surface of the 
anode terminal 14 has a rectangular shape with semicircle concave notches or 
15 portions 143 formed at left and right sides (edges) thereof in place of the 

wedge-shaped concave portions 142. However, the shape of each concave 
portion is not limited to that shown in Fig. lOAor 10B. 

Fig. IOC shows still another example where the exposed surface of the 
anode terminal 14 has a rectangular shape with convex portions 145 formed at 
20 left and right sides (edges) thereof. More particularly, the exposed surface is 
defined between the mount surface 18 and an edge 144 opposite to the mount 
surface 18 and the convex portions 145 are formed in the vicinity of the edge 
144. However, the shape of each convex portion is not limited to that shown in 
Fig. IOC. 

25 Fig. 10D shows another example where the exposed surface of the 

anode terminal 14 has a trapezoidal shape, specifically, an upside-down 
trapezoidal shape having a lower side (edge) located at the mount surface 18 of 
the chip and an upper side (edge) longer than the lower side. In other words. 
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the exposed surface has a first edge 146 adjacent to the mount surface 18 and 
a second edge 147 opposite to the first edge and longer than the first edge 146. 

In the chips shown in Figs. lOAto 10D, the anode terminal 14 is not 
easily separated or released. In other words, the packaging resin 13 is not 
5 easily exfoliated from the anode terminal 14. 

Furthermore, an exposed surface of the cathode terminal exposed from 
the second package end surface of the packaging resin 13, that is, a cross 
sectional surface of the cathode terminal 17 perpendicular to the axial direction, 
may also have a generally rectangular shape having a concave or a convex 
10 portion or may have an upside-down trapezoidal shape, like the anode terminal 
14 shown in Figs. lOAto 10D. 

Hereinafter, more specific embodiments of the present invention will be 
described in detail with reference to Figs. 2 to 10. 

F i r s t Em bodiment 

15 First, a method of manufacturing the capacitor element 11 will 

hereinafter be described. 

As a valve metal, Ta (tantalum) is used. ATa powder is formed on a Ta 
wire to serve as the anode lead 12a by using a press machine. The Ta wire is 
sintered in a high-vacuum and high-temperature environment. In the present 
20 invention, the valve metal represents such a metal that, when oxidized, forms 
an oxide film, which performs a valve operation. 

Subsequently, an oxidized film of Ta205 is formed on the Ta powder of 
the sintered Ta wire. 

Further, after this tantalum-sintered body is immersed into a manganese 
25 nitrate liquid, Mn02 is formed by pyrolysis of this immersed body. 

Subsequently, the cathode surface 12b of graphite and Ag is formed on 
this body. 

Thus, the capacitor element 11 is produced. 
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Next referring to Figs. 5A to 5D, formation of the lead frame 40 will be 
described. 

As shown in Fig. 5A, the electrical-insulation resin film 41 and the Ag 
plating film 42 are formed on the lead frame 40. Subsequently, the anode 
5 terminal-forming portion 43 and the cathode terminal-forming portion 44 are 
formed as shown in Figs. 5B and 5C by stamping the lead frame 40. 

A part of the anode terminal-forming portion 43 and a part of the 
cathode terminal-forming portion 44 are thinned or reduced in thickness to 
approximate 1/4 as shown in Fig. 5D so that the anode terminal-forming portion 
10 43 and the cathode terminal-forming portion 44 are respectively formed into a 
stepwise shape by forging. 

When the anode terminal-forming portion 43 and the cathode terminal- 
forming portion 44 are formed into a stepwise shape, the protruding portions 51 
are also formed as shown in Fig. 6A. The protruding portion 51 and the 
15 adjacent region become a laser welding part to the anode lead 12a. 

Next, the capacitor element 11 is fixed to the lead frame 40. 

Namely, after a conductive adhesive including Ag is applied to the Ag 
plating film 42 formed on the cathode terminal forming-portion 44 of the lead 
frame 40, the capacitor element 11 is arranged on the lead frame 40. 
20 Further, as shown in Fig. 7, the capacitor element 11 is welded to the 

anode terminal forming-portion 43 by laser welding. In Fig. 7, the lead frame 
40 is omitted in illustration except the anode terminal-forming portion 43. The 
anode lead 12a is positioned by the protruding portions 51 before the laser 
beam irradiation and is covered with the melted protruding portions 51 after the 
25 laser beam irradiation. 

The lead frame 40 manufactured so far as shown in Fig. 9A is molded 
by the packaging resin 13 except a part of the anode terminal-forming portion 
43 and a part of the cathode terminal-forming portion 44. 



Subsequently, the packaging resin 13 is cut along the cutting surfaces 
81 as shown in Fig. OA and thus the chip type solid electrolytic capacitor is 
provided. 

Second Embodiment 
5 In a second embodiment of the present invention, a protruding portion 

51 is formed on the anode terminal forming-portion 43 as shown in Fig. 6B. 
The anode lead 12a is contacted with a side surface of the protruding portion 51. 
The anode lead 12a and the protruding portion 51 are irradiated by a laser 
beam. The protruding portion 51 is melted and reacts with a peripheral surface 
10 of the anode lead 12a. Thus, the welded portion is formed. 

Other manufacturing steps in the second embodiment are same as 
those of the first embodiment. In the second embodiment, the metal-forming 
for the anode terminal forming-portion is rather easier than the first embodiment. 

Th ird Embodiment 

15 Referring to Fig. 10A, in a third embodiment of the present invention, 

the wedge-shaped concave portions 142 are provided at the left and the right 
sides 141 of the exposed surface of the anode terminal forming-portion 43 (the 
cathode terminal forming-portion 44) exposed from the first packaging end 
surface 19a (the second packaging end surface 19b). In this structure, the 

20 packaging resin 13 goes into the wedge-shaped concave portions 142 so that 
the adhesive strength of the packaging resin 13 to the anode terminal forming- 
portion 43 (the cathode terminal forming-portion 44) is improved. 

The wedge-shaped concave portions 142 are formed at the same step 
as the thinning of the anode terminal forming-portion 43 (the cathode terminal 

25 forming-portion 44) or the forming of the protruding portion 51 . 

Other manufacturing steps in the third embodiment are same as those 
of the first or the second embodiment. 
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Fourth Embodiment 

Referring to Fig. 10B, in a fourth embodiment of the present invention, 
the semicircle concave portions 143 are provided at the left and the right sides 
of the exposed surface of the anode terminal forming-portion 43 (the cathode 
5 terminal forming-portion 44) exposed from the first packaging end surface 19a 
(the second packaging end surface 19b). In this structure, the packaging resin 
13 goes into the semicircle concave portions 143 so that the adhesive strength 
of the packaging resin 13 to the anode terminal forming-portion 43 (the cathode 
terminal forming-portion 44) is improved. 
10 The semicircle concave portions 143 are formed at the same step as 

the thinning of the anode terminal forming-portion 43 (the cathode terminal 
forming-portion 44) or the forming of the protruding portion 51 . 

Other manufacturing steps in the fourth embodiment are same as those 
of the third embodiment. 
15 Fifth Embodiment 

Referring to Fig. IOC, in a fifth embodiment of the present invention, the 
convex portions 145 are provided at the left and the right sides 141 of the 
exposed surface of the anode terminal forming-portion 43 (the cathode terminal 
forming-portion 44) exposed from the first packaging end surface 19a (the 
20 second packaging end surface 19b). In this structure, the packaging resin 13 
goes under the convex portions 145 so that the adhesive strength of the 
packaging resin 13 to the anode terminal forming-portion 43 (the cathode 
terminal forming-portion 44) is improved. 

The convex portions 145 are formed at the same step as the thinning of 
25 the anode terminal forming-portion 43 (the cathode terminal forming-portion 44) 
or the forming of the protruding portion 51 . 

Other manufacturing steps in the fifth embodiment are also same as 
those of the third embodiment. 
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Sixth Embodiment 

Refem'ng to Fig. 10D, in a sixth embodiment of the present invention, 
the anode terminal forming-portion 43 (the cathode terminal forming-portion 44) 
exposed from the first packaging end surface 19a (the second packaging end 
5 surface 19b) is formed into the upside-down trapezoidal shape having the lower 
side 146 located at the mount surface 18 of the chip and the upper side 147 
longer than the lower side 146. In this structure, the packaging resin 13 goes 
under the sides of the trapezoidal shape so that the adhesive strength of the 
packaging resin 13 to the anode terminal forming-portion 43 (the cathode 
10 terminal forming-portion 44) is improved. 

The trapezoidal shape is formed at the same step as the manufacturing 
of the lead frame 40, the thinning of the anode terminal forming-portion 43 (the 
cathode terminal forming-portion 44), or the forming of the protruding portion 51. 

Other manufacturing steps in the sixth embodiment are also same as 
15 those of the third embodiment. 

Seventh Embodiment 

In a seventh embodiment, the anode lead is welded to the anode 
terminal forming-portion (the cathode terminal forming-portion) by the resistance 
welding. In this case, the flat surface of the lead frame can be directly used as 

20 the flat surface on the anode terminal forming-portion (the cathode terminal 
forming-portion) without metal-working for forming the protruding portion. 
However, the V-groove portion may be formed on the anode terminal forming- 
portion (the cathode terminal forming-portion). When the V-groove portion is 
formed, the positioning of the anode lead is easily performed. 

25 Other manufacturing steps in the seventh embodiment are also same 

as those of the first embodiment. 

In any of the chip type solid electrolytic capacitor according to the 
present invention manufactured so far, the efficiency of the volume of a portion 
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of the capacitor element which contributes to the capacitance with respect to the 
total volunne of the capacitor is improved to approximate two times of the 
existing chip type solid electrolytic capacitor. Furthermore, because the 
bending process of the terminal or the lead frame is not required, the number of 
5 process steps is advantageously reduced. 

While the present invention has thus far been described in conjunction 
with several embodiments thereof, it will readily be possible for those skilled in 
the art to put the present invention into practice in various other manners. 



